Abstract. The fastest developing city in China is Shanghai; its annual growth rate (GDP) exceeded 11.9% average in every year from 1992 and GDP per person in 2003 reached 4909 USD. Economists, industries and the government have been considering how to keep Shanghai developing in a sustainable manner. In 1994, the Shanghai Municipal Government put forward the concept of "information harbor" and set the goal of establishing a series of information infrastructures in the following five years. The Shanghai city informatization project started in 1999, and by the end of 2001 it had spread across Shanghai. At the same time, some applications based on Internet technologies were designed and developed. In the beginning of 2002, based on the current information infrastructures and systems, Shanghai Municipal Government announced the "Digital City Shanghai" strategy. This chapter will introduce the background of the Digital City Shanghai project, the current state of the information infrastructure in Shanghai, and the concept of system design & user interface. The Digital City Shanghai project will be described in four parts: Spatial Data Infrastructure, City Informatization, Shanghai City Grid, and Shanghai Logistics Information Platform. We will also introduce some research projects. In addition to the strategy, we describe and discuss social perspective and problems.
Introduction

Basic Information of Shanghai
Shanghai, built in the Tang dynasty some 1500 years ago, is located on the east coast of China. It occupies 6340.5 km2, 0.06% of the total area in China (Fig.1, Fig.2 ). Shanghai is flat except for several small hills in the north, which makes it a pleasant place to live. It is made up of 18 districts and one county, and as of the end of 2003 was home to more than 13.418 million people (Table 1) . Shanghai is famous for its richness of water because the Changjiang River flows through Shanghai on its way to the ocean. There are many historic sites in Shanghai that are of sightseeing importance. Shanghai is now the biggest industrial city; the economic and financial center of China after more than 1500 years of development. Over the last ten years, the city has changed greatly. The annual growth rate of GDP has exceeded 11.9% since 1992 and GDP per person reached 4909 USD in 2003. How to make the development of the city sustainable? How to catch up to the new economics of the world? How to connect with international business smoothly? How to make the daily life of residents and visitors in Shanghai more comfortable? Those questions have been considered by economists, industries, and the Municipal Governments. The project 'Shanghai InfoPort', a key component of the information infrastructure of Shanghai, was initiated in 1996; its is detected towards upgrading the infrastructure to secure the new global economics. So far, there are 7.33 million telephone lines, 3.67 million cable TVs, including an interactive cable TV network offering broadband access to 924.9 thousand users. The total revenue of the IT sector Shanghai became the first place. The economy of Shanghai is transiting to high valueadded sectors. In order to meet international standards, the business plans and practices of Shanghai have started changing significantly. The services offered to people have become colorful and interesting [6] [27] . To make these changes more effective, the municipal governments set up the 'Bureau for Informatization'. There is also an informatization office in each district and county whose responsibility is to promote and coordinate the implementation of projects. The tasks of the government are as follows: 1. Announce the goals for each stage in city informatization. 2. Determine related standards and regulations. 3. Coordinate diverse sectors of the economy to implement certain projects. 4 . Offering occasional financial support for common needs.
Design Guidelines of Digital City Shanghai
Digital City Shanghai is a large-scale, extendable, distributed system that will cover most aspects of peoples' daily life in Shanghai. Design guidance should be set in advance to decrease mistakes during implementation. The current guidelines fall into different fields. As the most developed city in China, Shanghai has long established relations with Chinese cities as well as cities in other countries. The design and implementation of Digital City Shanghai provides an excellent opportunity to cooperate with partners to create new business and to exchange experiences. In the last two years, Asia-Pacific City Informatization Forum was held in Shanghai twice. Over 500 attendees took part in these events and great interest was evidenced in the promotion of digital cities. Many cities and provinces in China have initiated similar projects. Singapore and Kuala-Lumpur are cooperating with Shanghai in the area of digital libraries. An open, shareable lab that researchers and developers from different fields are welcome to join is being established at Shanghai Jiaotong University. Digital City Shanghai will not only serve the government, but also society. It should be oriented to residents rather than professionals. All citizens are welcome to offer their suggestions, comments, and energies for ensuring the success of implementation. All participants can benefit from this project. Investors can benefit from the new markets established while and researchers can gain from the access to topics and projects. The government will be enhanced by the social impact of this project. The common citizens are welcome to contribute to the implementation of the Digital City.
Government-Guided & Commercialized.
It is not realistic for the governments anor for some special organizations to build a system of the scale of Digital City Shanghai on their own because of the huge investment needed. Digital City Shanghai has to be profitable and sustainable so that it gains the interest of industries and social organizations in contributing to the effort. At the beginning, companies such as banks and financial organizations, were encouraged to invest; they benefit in several ways including advertising, website operation, service providing, marketing, and cost effectiveness. However, it is obvious that such a large system should be centrally managed. In Shanghai, as well as other cities in China, only the municipal or provincial government has the wherewithal to undertake such a long-term task. Some of the critical functions can be undertaken only by the government: (1) systematically organizing the information; (2) making regulations for its operation; (3) keeping information open to the public and making policies to support the project.
It is hoped that its existence will stimulated new research topics. The government is organizing universities, institutes, and labs to work together in finding new ideas and new topics in the digital cities field [2, 14] .
Current Information Infrastructures in Shanghai
In April 1990, the Chinese government announced the development of the PuDong area as one of the new economic zones. The Shanghai Municipal Government proposed to build the local Information Highway in Shanghai in 1994, and formally initialized the InfoPort Shanghai project in 1996. July 1998, the 'Bureau for Informatization' was founded to speed up the implementation of the InfoPort Shanghai project. Its goals, clarified in 2000, are: (1) to complete the infrastructure of InfoPort Shanghai, unify the standards; (2) to complete five backbone networks, build a set of commercial databases and public information databases and form the information market (3) to promote the IT sector as a new backbone branch of industry in Shanghai (GDP goal is 100 billion RMB) (4) to establish the Shanghai social information system.
Over the last few years, a lot of new IT service industries have been developed rapidly, such as network services, information contents services, and information management services, which promote the developments of E-commerce, Egovernment, information resources in Shanghai. Many of the systems needed for designing and implementing Digital City Shanghai have been finished.
The broad bandwidth network that provides a common communication platform for system integration and information exchange in Shanghai was completed in Oct 1999. The five backbone networks based on the municipal area network provide a service platform for city informatization. They are Shanghai Internet eXchange networks (SHIX), Shanghai Electronic Data Interchange network (SHEDI), Shanghai Community Services network (SHCS), Shanghai Social Security network (SHSS), and Shanghai Golden card and POS network (GC & POS) [7] .
Shanghai Internet eXchange network (SHIX). SHIX aims to optimize the current network architecture and provide a better platform for information exchange. Therefore, various kinds of networks have been connected to it, such as Shanghai Online, Shanghai Tech Network (STN), Shanghai Education and Research Network (SHERNET), Shanghai Science Institute Network (SHSIN), Shanghai Golden Bridge Network (GBN), Shanghai Economical Information Network (EINET) and so on. SHIX is open to the groups and organizations who meet the following requirements: (1) be a legal ISP (2) provide network services to their users (3) to have their own international connection channel (4) have a self-governed network with connection rate under 10 Mbps [4] .
Shanghai EDI network (SHEDI).
The goal of SHEDI is to automate the electronic data exchange for international trading extends to some related authorities, divisions and banks. It was initiated by Shanghai Planning Committee, Foreign Trade Committee, Transportation Office, CIQ and Post Committee in late 1996. The complete system is composed of Shanghai EDI center, Shanghai CIQ EDI center, Shanghai Harbor EDI center, and Shanghai Foreign Trade EDI center. The functions of SHEDI are: (1) to interconnect Shanghai CIQ EDI center, Shanghai Harbor EDI center, and Shanghai Foreign Trade EDI center, (2) to realize and manage EDI data exchange among the EDI centers, and (3) to provide services for and management of the communication networks, devices, and user maintenance.
Shanghai Community Services network (SHCS)
. SHCS provides social information services to 15 million people in Shanghai. It is a community-based, services-oriented public information network that connects most communities in Shanghai. Various connection techniques are used, including telephone fixed line, wireless, and CATV. SHCS is responsible for serving a society that consists of 4.5 million families and 15 million citizens and emphasizes daily life. The backbone of SHCS is a 100M ATM network and it linked to the Internet via 2M DDN. The terminals connected to the backbone use 10Mbps lines with different protocols such as ISDN, Telephone line, and HFC of Cable TV. Several daily life related databases and web query operations have been built, for instance, supermarket service, online shopping, legal assistance, second-hand market, news, and lotteries. All web pages were designed base upon guidelines for 'services' and the essential purpose of SHCS is to improve the quality of daily life for residents [15] .
Shanghai Social Security network (SHSS)
. SHSS aims to provide a platform for five types of insurance: endowment insurance, hospitalization insurance, unemployment insurance, transportation insurance, and work place insurance. SHSS is built based upon the Shanghai Insurance Management system. It provides a unique management and operation service to 4 million employees and 2 million retirees in Shanghai. The main functions are insurance account management, individual account management; balance declaration management, finance management, query system, analysis system and pension delivery system. The final goal of SHSS could be described using the term 'seven in one' which means one insurance number, one set of basic information, one insurance IC card, one unique interface, one backbone network, one central database and one data exchange center. Currently, several new SHSS projects have been proposed or been implemented whose goal is to make the social security information more convenient to residents. They are a large-scale information system based on databases and supported by the broad bandwidth network [12] . [13] . The five backbone networks described represent the information platform of Info Port Shanghai. In order to promote applications, some typical systems were built upon the platform from 1996 to 2000. They covered most aspects of modern life in Shanghai, including economic, culture, life, law, entertainment, education, finance, career, and city management. These systems carry the majority of contents of Digital City Shanghai. To save space, 
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System Architecture
The system architecture of Digital City Shanghai presented in Fig. 3 consists of six parts: 2D/3D & GIS/Graphics interface; Agents; Application systems; Local search engine; Databases and Distributed ICPs. 2D/3D & GIS/Graphics interface provides a user-friendly, map based and intuitive interactive environment for citizens who have no or just a little knowledge about information processing and digital cities. Agents retrieve and classify information from the "information pool" and submit them to users according to their preferences. Current applications, for example, E-commerce, E-government, distance learning, tele-medicine, and city management are developing rapidly in Digital City Shanghai. Databases such as aviation remote sensing, GIS, multimedia databases, which store huge amounts of professional information, construct the "information pool". Distributed ICPs that offer Internet connections and contents to users, are now speeding up their services by changing from narrowband to broadband. Local search engines dispatch software robots to the Internet sites in Shanghai for retrieving information from distributed ICPs. These six parts are integrated with each other as shown in the system architecture. The description of each part is given below:
2D/3D & GIS/Graphics interface.
Most Digital City Shanghai users are common citizens that are not familiar with computer systems, so a friendly, easy to use and convenient interface is essential in improving the quality of Digital City Shanghai services. The traditional 2D interface is the primary technology for computer human interaction in Digital City Shanghai while the 3D space is intended to be a real one since it is linked to the physical city rather than a virtual one. Geography information system (GIS) technology that provides a map-based interface, allows users to share digitalized data of the land's surface (sometimes also in depth) for management, cartography, building rules, environment assessments etc. Users can easily find solutions to many daily life related issues. GIS may become a key technology for digital cities [8, 9] . Agents. Agent-based computing has been recognized as a new revolution in software and it has been predicted that agents will become pervasive in every market in the near future. Because of the huge amount of information created for digital cities, it is impractical, low efficiency and time-consuming, to expect users to manually search and organize information. Agents that can do the tasks entrusted to them by users, are the best way of solving this problem. Agent technology gives the common citizens who have little idea of computer science and software an opportunity to become involve in the social activities of digital cities.
Application Systems. Application systems, such as E-commerce, E-government, distance learning, tele-medicine, and city management are developing rapidly in Shanghai. Some typical applications are: Shanghai Finance & Revenue Information system; Shanghai Labor Force Market Information network; Shanghai Court Information system; Shanghai High school and Elementary school Education Information system; Shanghai City Remote Sensing Information system; Digital City Planning Information system and so on. These systems cover most aspects of the economic, daily life, and cultural activities of Shanghai and are extending rapidly to cover other fields. It is unnecessary and impossible for the designer of Digital City Shanghai to rebuild these systems. These systems are currently linked only very weakly. Their goals, technologies, and data formats are also diverse. The lack of knowledge and information sharing among systems makes them 'isolated applications'. An urgent task is to find a way to integrate these systems and construct a platform for knowledge and information sharing.
Databases. Databases such as aviation remote sensing, GIS, MIS, multimedia databases, form the basis of the "information pool" of Digital City Shanghai. Aviation remote sensing data integrated with digital maps are the key contents of the basic databases of the city GIS. MIS and multimedia databases improve the quality of services that are becoming more popular with the public. The problems faced by the current Shanghai databases systems are how to share the data and how to improve the retrieval efficiency. Because of the huge amount of data, especially the aviation remote sensing and multimedia data, it is hard for most current database management systems such as Oracle, Sybase, DB2, and SQL Server, to locate the correct data and submit to users rapidly and efficiently. Data mining is expected to contribute the solution of this problem. Intelligent parallel database and distributed database technologies that can process huge amounts of data, are important in improving the efficiency of accessing the 'information pool' of Digital City Shanghai. Shanghai Jiaotong University is cooperating with other universities and research institutes in studying the database issues for Digital City Shanghai.
Distributed ICPs. Shanghai Online provides information and services covering daily news, commerce, entertainment, sports, education, real estate and games. Sina (http://www.sina.com), Netease (http://www.netease.com), and Sohu (http://www. sohu.com) also have branches in Shanghai, and offer services similar to Shanghai Online. Some other professional ICPs that focus on special domains such as tourism, commerce, banking, universities, and real estate, present more detailed information to the public. Shanghai super computing center, one of the grand projects of 'Info Port Shanghai', was finished in June 2001. This center provides a powerful tool for engineering computing, climate forecasting, production designing, gene technology, ocean engineering, city planning, and so forth. From the beginning of 2000, top IT companies, including China Telecom, Netcom, Unicom, invested in the establishment of broadband networks in Shanghai, upon which many new applications, such as VOD, Video meeting, virtual reality, will be run. The spectrum of ICPs will be extended in the next five years, and the services provided will continue to improve. The resources of Digital City Shanghai will also be significantly increased.
Local Search Engines. The importance of search engines to the utilization of the Internet and WWW needs no further explanation. The four ICPs introduced above have developed their own search engine that is able to search web pages within China, in the same way as other famous search engines in the world, such as Google, Yahoo, Infoseek, they are a kind of global search engine. The back end of this kind of search engine is a soft robot that traverses the global Internet and captures web pages for storage and later retrieval by users. Digital cities focus on providing local information and services so that local search engines are more useful for residents and visitors. The resources of local search engines are restricted to web pages in Shanghai, so their efficiency is much higher than those of global search engines. Local search engines are able to search not only web pages, but also some more advanced contents. Digital City Shanghai demands continual improvement in search technologies and the development of new paradigms.
The six parts of the system architecture cooperate with each other. Users provide their requirements via the 2D/ 3D and GIS/Graphic interface. Agents understand these requirements, divide them into sub-tasks and distribute them to application systems, databases, and local search engines according to task type. Enhancing the interface, agents and local search engines, are urgent tasks faced by Digital City Shanghai.
User Interface Design
A variety of interface technologies can be used in different applications. As Digital City Shanghai aims to be a distributed system that serves as many residents and visitors with different education levels as possible, the interface has to be designed to support the most unskilled users.
GIS interface. General speaking, GIS is a platform upon that will support many applications, so that 2D maps are the first choice as an interface for accessing Digital City Shanghai. The user can move the cursor everywhere on the screen and get the associated information from DB systems or websites.
3D interface. The 3D space derived from the real city offers an exciting model to users who can go forward, backward, turn left, turn right and fly in 3D space. Databases linked to the 3D space can be directly accessed by through the viewpoint.
Graphical icon. This is the traditional window style interface. Unskilled users can select the functions desired by mouse clicking (sometimes several clicks are needed). The desired functions are then performed and information is displayed on the screen.
Speech interface. Speech technology is a more natural way of communicating with a computer. Text to speech technology offers the possibility of outputting speech both in Chinese and certain other languages. Speech recognition has developed rapidly in the last few years. The key problems have been solved. IBM's Via Voice system is able to recognize speech input with error rates under 5%. Current software system is feasible if the interaction contents are restricted to special domains such as travel, weather, etc, [3] .
Languages. Digital City Shanghai also serves visitors from foreign countries with languages such as English and Japanese; it is not difficult to support different languages using artificial translation. However, information in Digital City Shanghai is so huge that machine translation system should also be considered.
Fingerprint recognition. For security reasons, several applications must be protected by fingerprint recognition. The applications are closely related to sensitive information held by the government, banks, and special organizations. Moreover, information security technologies such as authentication, cryptography, and PKI also play important roles in Digital City Shanghai.
Content
Digital City Shanghai is made up of five parts: digital government, digital enterprise, distance shopping, distance education, and digital community.
Digital Government. Digital government is the organizer and manager of digital city Shanghai. It uses the IT and communication technology to reform the government's organization and the general workflow. Building a digital government promotes democracy, improves the efficiency, and enforces the administration's dictates. The basic functions of Shanghai digital government are: Internet information services, Internet office automation, mobile administration, computer aided decision making, and electronic capital management.
Digital Enterprises. Digital enterprises enable factories and companies to integrate their information in several key tasks, such as possibility studies, production design, material purchase, management, quality control, and sales. The core issues of digital enterprises are: B-to-B e-commerce in the production process, agile production, and intelligent management. Currently, most enterprises in Shanghai undertake their tasks in traditional ways; even worse, quite a large percentage is still not connected to the Internet. They represent a significant potential market both for enterprises and ISPs.
Online shopping. Online shopping makes it possible for people to purchase in supermarkets, multiple shops and stores. Online shopping needs effort to be spent on establishing online shopping malls, security certification, electronic payment, and distribution systems. In Shanghai, some ISPs already provide this kind of service, for instance, Shanghai Online and Kali. Top markets are advancing the construction of their own websites to provide online shopping services to the public. Implementing online shopping systems will change the publics' purchasing and consuming habits.
Distance Education. Education plays a more important role in the era of the knowledge economy, especially 'lifetime education', which enables people to improve their skills throughput their lifetime. Distance education is built based upon the national information infrastructure and it realizes the dynamic organization and management of education all over the world. In Shanghai, there are about 3 million students in schools, and 5 million employees need post-school education. There are far fewer schools in Shanghai than are needed. Many high school students have no chance to enter university, and many employees cannot receive post-school education. Distance education is a feasible and efficient way to solve this problem. Shanghai Jiaotong University built a distance education system and opened it to the public in 1998. The next step is to extend it to other universities, colleagues, high schools and elementary schools.
Digital Community. Digital community integrates the community information services and application functions together to promote community informatization based upon the space information infrastructure. Digital community realizes digital survival by applying IT and communication technologies to people's daily life, such as interaction, entertainment, traveling, health, education and broadcasting. It reduces the usage of energy and materials, and achieves sustainable development in Shanghai. Municipal government has invested much in building the backbone of the community networks, which connect the sub-networks of nearly 1000 communities. Services such as water supply, energy supply, food supply, emergency services, remote management, inter-community and communication are being changed and improved [10, 20] .
Digital City Shanghai Project
The construction of Digital City Shanghai had already started when the concept of digital earth was first put forward in 1998. In fact, as early as 1994, Shanghai Municipal Government announced the concept of the information harbor and planned to establish series of information infrastructures in Shanghai before 1998. In 1999, preparing for the construction of Digital City Shanghai, the Municipal Government started the city informatization project. By the end of the year 2001, city informatization had rapidly spread throughout Shanghai. At the beginning of 2002, Shanghai Municipal Government announced the "Digital City Shanghai" strategy. The government expects to complete the architecture of Digital City Shanghai by 2007 and serve the 2010 Shanghai Expo effectively.
The projects in Digital City Shanghai can be divided into four main parts, Spatial Data Infrastructure, City Informatization, Shanghai City Grid and Shanghai Logistics Information Platform. In this section, we will also introduce some practical projects and research projects in Digital City Shanghai.
Spatial Data Infrastructure
Aviation Remote Sensing Data. A project for "obtaining and analyzing aerial earth surface observation data" supported by "Hi-Tech Research and Development Program of China" started March 2000. In half a year, 12 subprojects were completed; the data, in excess of 100GB, covers more than 4200 square kilometers. Table 3 shows the statistics.
An example is the DOM graph of the Pudong area in Shanghai. The 1:10000 DOM diagram of the PuDong area and one typical part area are shown in Fig.4 (a) and (b) , respectively. Using the zoom-in button of IE, readers can see details of the elements in this diagram; the Orient Pearl Tower and the Jin Mao mansion are easy to discern.
The traditional map displays information mainly using lines and dots. This kind of map cannot give the information about the earth's actual surface. DOM uses real photos of the earth surface as its basic elements, so complete information of the district is shown in the photo itself. With the addition of some explanations, DOM can give users far more information than the traditional map. The process workflow of DOM consists of ten stages: (1) Air photo or satellite remote sensing; (2) Encryption; 
City Informatization
Shanghai Tourist Information and Services system (STIS) was commenced in March 1999 by the "Bureau for Tourism in Shanghai." Shanghai Jiaotong University implemented this system and provided further technical support. The website of STIS was opened to visitors on September 7th, 1999 and has received more than 23.5 thousand visitors since then. One of the goals of this project is to get some experience for the implementation of Digital City Shanghai. Two navigation methods are offered in this system. Fig. 5(a) shows the menubased method and (b) shows the map-based one. In menu-based services, users can select items from menus or input keywords to make a query. In map-based services, users can click on spots of the map and can navigate across all of Shanghai. The information in STIS (Fig. 6 ) includes tour news, landscapes, shopping malls, hotels, restaurants, recreations, cultural events, and exhibitions. Both tourists and residents need these kinds of information. STIS now offers three kinds of consultation services to the users in different ways: Face-face consultation requires the user to go to the agent center and talk to the staff, E-mail consultation is done by Q&A between users and staff, and the WWW advice service uses online forum technology. After describing two projects, 'remote sensing data' and 'Shanghai Tourist Information and Services network', we give a short explanation of four other pilot projects in the following paragraphs.
Shanghai Health Consultation network (SHC) uses WWW technology to bring doctors in hospitals together to cover more areas and provide more medicine services to the citizens. SHC wants to meet the needs of patients without any restriction on location, specialty, or doctor. SHC is divided into three parts: Health consultation, Experts recommendation and Hospital distribution.
Health consultation offers diagnoses and suggestions to remote users. Experts' recommendation provides information of medical experts in member hospitals. Each record of experts includes individual information, field, experience, position and so on. Hospital distribution provides information of member hospitals. Patients can query them by name, specialty and location. More than 100 hospitals in 30 provinces have joined the consultation center and now provide their information. After SHC was built, more than 1000 cases in different hospitals and experiments have been completed.
In 2003 when the Severe Acute Respiratory Syndrome (SARS) was spreading in many areas in China, Shanghai Municipal Government created special funds for the fight against SARS. A typical project, "SARS Remote Consultation System", involved Shanghai Jiaotong University. It is an effective multimedia cooperative consultation system, with narrow-band access, and based on net-meetings and digital cameras. A typical consultation takes just twenty minutes. The system was tried in several hospitals in Shanghai and achieved great success; the municipal government is now trying to spread similar remote systems throughput Digital City Shanghai. (5) Site autonomy. Shanghai City Grid is expected to strengthen the competitive advantage and innovation edge of Shanghai, to make government more effective, to enhance the competitiveness of enterprises, to improve academic institutes' ability to tackle key problems and to let citizens enjoy the achievements on informatization [28] . Shanghai City Grid is divided into two parts as shown in Fig.7 : City Grid Infrastructure and City Grid Platform. City Grid Infrastructure consists of a series of The two parts will be integrated by setting up virtual organizations, business processes, security strategies, application adaptors and system implementation. Currently, several grid application demonstrations are planned. There are three grid classifications: scientific computing grid, data grid, and service grid. Consensus forecast grid, E-government grid, remote medical service grid and city emergency response grid are four grid applications planned for Shanghai City Grid. 
Shanghai City Logistics Information Platform
Shanghai is one of the most important harbors in North-east Asia and indeed the world. Therefore, modern logistics are regarded as an indispensable part of Digital City Shanghai. Shanghai Municipal Government has added the modern logistics project to the tenth five-year plan.
In As shown in figure 8 , the pilot system includes three layers: city logistics basic information layer, fundamental logistics application layer, and advanced logistics application layer. Shanghai public logistics infrastructures in the bottom layer include geographic-information-based services systems and city transportation services systems. Public Logistics Information Platform field survey, or commercial data products. Four typical modeling techniques in 3D graphics have been applied: extrude, lathe, skinning, and slicing. A general platform is provided to users for interactively editing the 3D city model. This 3D model can be accessed via the dedicated view tool named Flight1024 offered by TGNET Company or via IE after installation of a plug-in component. Flight1024 helps users to fly and walk through any 3D model, 3D city, 3D Digital Earth, and 3D terrain at refresh rates above 24 frames per second. It supports seamless spatial databases of varying resolutions. The 3D model is a 'real' model derived from the physical world. The X, Y coordinates of each element, i.e. house or road, is the same with those of the entities location in the physical world.
Prototype Interactive Agent. Interaction between users and software has been studied by experts from all over the world. If software could chat with the user, answer user's questions, and generate plans for users, digital cities will become more interesting and attractive. Furthermore, the complexity of the current user-computer interface in Digital City Shanghai could be decreased allowing more users to access it. A prototype agent system named ICHI-Reply that can interact with users in natural language was created based upon an idea derived from earlier experiments [3] . The architecture of the system consists of two parts: The back-end control part consists of the administrator and the server in which the ICHI-Reply Agent resides; the user with terminal connects to the back-end part via the Internet.
The essential interaction process is as follows: the user talks to ICHI-Reply who tries to answer by itself. If no feasible answer can be found, ICHI-Reply asks the administrator for help. The administrator then gives an answer to ICHI-Reply, who forwards this answer to the user automatically. At the same time, ICHI-Reply learns by this exchange and stores the information in its database. ICHI-Reply can answer similar questions without the help of the administrator on subsequent occasions. It means that ICHI-Reply has the ability of learning and of becoming more and more powerful and clever over time.
Intercultural Collaboration Experiment.
Shanghai is now an international city, which means that Digital City Shanghai should also supply information and services to foreigners. This necessitated the solution of we two problems: language barriers and cultural conflicts. Generally, a common language, English, is used to solve the language barrier problem. However, we found that it is really difficult for non-native English speakers to express their thoughts concisely. In 2002, researchers in ICHI Lab. took part in the Intercultural Collaboration Experiment [29] which started in 2002.
Initiated and controlled by ISHIDA Lab., Department of Social Informatics, Kyoto University, Japan, the Intercultural Collaboration Experiment (ICE) involves many Asian universities. The experiment is to support intercultural and multilingual collaborations using machine translation technologies. This experiment saw the participation of about 40 students majoring in computer science or informatics from Kyoto University, Japan, Shanghai Jiaotong University, China, Seoul National University and Handong University, Korea and the University of Malaya, Malaysia. The participants conducted an experiment in open source software development over the Internet. They were required to communicate using only their mother tongue. One of the objectives of the experiment was to see if the participants could overcome the language barrier by using machine translation tools. ICE2002 was carried out in two tracks, each of which took two months. Each track was divided into two four-weekphases: the Software Design Phase and the Software Implementation Phase. During the two phases, each sub team (one from each country) succeeded in designing and completing an intercultural collaboration tool. These tools included a search engine (China), a Web-based email system (Japan), SMS (Malaysia), and a Web-based chat system (Korea). This experiment is still in progress. Current research issues include the design and development of a practical intercultural collaboration environment that supports multinational collaboration and communication.
Lessons Learned
Strategic View
Theory and practice basis. In theory, the digital city is a very important to the strategy of developing the national economy. It is a general-to-particular process and an approach to national informatization. Implementing digital city Shanghai should select some highly productive, well managed districts as the starting point and explore a suitable way for establishing the entire digital city [23] . Looking at the process of city informatization, Shanghai is now changing from the "material bazaar" to the "information bazaar". Region-wide informatization has become the basis of implementing digital city Shanghai [6] .
The approach of digital city Shanghai. First, the rapid development of information industry, the popularity of computers, and the production of information devices construct the physical foundations of digital cities. This is followed by the construction of the information infrastructure and citywide network. Informatization then spreads to the whole economy a, including the government, business, management, production and so on. Last, digital city Shanghai covers the full-scale informatization of society, such as education, entertainment, consumers, health, traveling, interaction, culture, game etc [11] [23] .
Evaluation of the system. Objective analyses depend on a good evaluation system. This involves a national informatization index. The index should be long-term, stable, comprehensive, and rational. The government is responsible for achieving some informatization level based upon the index and selecting the best development strategy [22] .
Three relations. In order to avoid redundancy in creating digital city Shanghai, three relations must be considered. The first one is the relation between national informatization and city informatization. Some overall projects, such as the information backbone for tax matters, trade, and CIQ, should be planned and implemented based upon the national guidelines. Citywide informatization cannot ignore national informatization. The second one is the relation among different government departments. The last one is the relation between internationalization and localization. It is important for digital city Shanghai to consider its position in the future global economy [20, 24] .
Hotpoint of digital cities. The public's wide acceptance of the informatization concept will increase information consumption, which will promote informatization in most economic fields and benefit other fields indirectly, such as energy, transportation, environment and so on. This kind of consumption-leading strategy yields significant benefits in digital cities.
Laws and ethics. The conflicts caused by digital cities include monopolization, illegal competition, cheating, privacy, knowledge right, technology security etc. Laws and ethics must be strengthened to protect legal activities and building a fair environment for digital cities [17, 19] .
Sociological Perspective
The digital city is a new concept for future city living. Along with the spreading of IT technology and the establishment of a citywide space information infrastructure, digital city Shanghai will promote the switch of Shanghai's economy from industry dominated to information dominated. This change will impact the future of Shanghai enormously and will be far-reaching.
Citizens' ways of living and working will be changed. The development of a comprehensive network makes it possible to switch human-to-human interaction from face-to-face meetings to remote communication. People can accomplish tasks without leaving home, such as online shopping, online entertainment, distance education, and office work. The changes in the working environment will save time and energy, and reduce the problems of transportation. The remote management of big corporations and organizations will be possible. Dynamic alliances among enterprises will realize benefits in the processes of design, manufacture, and sale [5] .
City industry structure will be reformed. The IT industry will become the dominant industry of Shanghai and the industrial economy will be replaced by the service economy. IT technology, communication technology and service industry will merge together, so that the competition, trade and service will become more and more dependent on the creation and application of information technology. This will make the service industry develop more rapidly and greatly elevate its status [16] .
Social labor distribution will be remodeled. With the strengthening of the IT economy, white-collar workers will outnumber blue-collar workers. As the information industry is fundamentally different from the production industry, new industrial spaces will be formed and working space division will be changed. These trends could determine the direction and structure of Shanghai's development [18] .
Government's function will be changed. Digital cities' function will be transformed from the administration type to administration-serving type. The government will emphasize the establishment of suitable policies, maximizing the potential of information technology, and coordinating all departments, for example, establishing a policy that promotes the standardization of communication technology, adding direct or indirect investment, providing public channels for users, and so on [25] .
Problems
Digital Shanghai is encountering many of the problems experienced by other digital cities. Experts argued that implementing digital city Shanghai would need a large amount of venture capital, good management talents, and sophisticated technologies. This is true, but its biggest problem, different from other digital cities, is the 'system problem' [26] .
The first serious problem in China is that all companies have to be examined and approved by the governments before they start. In some important business areas, an examination and approval process is used to ensure public confidence. This reasonable, but China is unique in that all companies must be examined. Everybody has the right to manage their own career, but the rules in China effectively transfer this right to the government officials. You cannot decide whether to start a company or not. Even if you get permission, a lot of time and energy is needed to obtain the tens of, or hundreds of seals from different departments of the government. Sometimes, starting a company is harder than running it.
For example, in the USA, registering a company takes only a few minutes if the Internet is used. In Hong Kong, registering a company takes half a day. In Shenzhen, this task takes two weeks. In Shanghai, at least two months is needed. Why such a long time to register a company? It is because of the examination and approval rules. Table 4 is a comparison of registering a corporation in USA, Hong Kong and China. Digital city Shanghai is an example of city informatization in China. To promote digital cities, or city informatization, the Chinese government should respect everyone's right to manage their own career. If the current examine and approve rule is replaced by a more reasonable registration rule similar to that in the USA, we expect that the GDP of China would increase 30%, and corruption would decrease 50%.
The second serious problem is the legal system. The current Chinese law system is rather ad hoc, which blocks economic development. The biggest problem is that almost any government department can issue "legal interpretations" as means of expressing its "rights" without any limitation. Officials often release strange rules, all of which have serious repercussions. The officials often state that the reasons for the rule is to "protect the national advantage," "standardize the market," etc. but, after deep analysis, it seems that most rules are arbitrary. For example, the Chinese Information & Industry Department states that all network companies must obtain its permission before opening for business. This rule greatly hinders the development of city informatization and digital cities. Chinese informatization cannot be realized unless this legislative right of Information & Industry Dept is abolished. Why is this true? First, knowledge that the government can issue arbitrary rules at any time badly disturbs the people's expectations. Individuals and enterprises make decisions based upon their "expectations". The threat of arbitrary rules makes the investors and consumers hesitate to invest and consume. Current IT investors do not know what the rules are because the Chinese Information & Industry Dept they can change the rules quickly and irregularly. Of course, the market includes some form of uncertainty. The uncertainty in west countries is due to the "state of nature". The uncertainty in China comes from the government, so we call it the "state of government". A foreign businessman said that forecasting the behavior of the Chinese government is harder than forecasting the weather because the government changes its mind so rapidly.
Second, the rules that are issued tend to be rather vague since this reinforces the power of the government departments. Businesses must spend large amounts of time and energy on establishing relations with officials. If there are any problems, they could obtain a helpful ruling.
Conclusion
After more than 1500 years of growth, Shanghai is now China's biggest industrial city, the economic and financial center of China. Implementing Digital City Shanghai is an urgent task for ensuring the continued sustainable development of the city and matching the advances in new economies around the world. Shanghai municipal governments proposed to build the local Information Highway in Shanghai in 1994, and formally initialized the InfoPort Shanghai project in 1996. After several years', many systems and applications have been completed to offer innovative services to society. It might be the foundation on which Digital City Shanghai can be designed and implemented as the next step. The broadband network that connects all subsystems and provides a general communication platform for system integration and information exchange in Shanghai was completed in Oct. 1999.
There are five backbone-networks built based on the municipal area network and they represent a service platform for the digital city, namely, Shanghai Internet exchange networks (SHIX), Shanghai Electronic Data Exchange network (SHEDI), Shanghai Community Services network (SHCS), Shanghai Social Security network (SHSS), Shanghai Golden card and POS network (GC & POS). Digital City Shanghai is a large-scale, extendable, distributed system that will cover most aspects of the citizens' daily life.
Even though some design guidelines, system architecture and user interface technologies for Digital City Shanghai have been discussed, new ideas in these aspects must be continuously raised to keep pace with the development of the economy, expansion of the city, and improvements in the quality of people's life. The applications will cover more and more aspects of the economy, environment, city management, education, culture, law, health, entertainments and daily life. The technology used will be developed constantly. The data of those systems will increase explosively. Extendibility, compatibility and common access are essential features of every project in Digital City Shanghai, which may be pursued by different groups and companies.
Some typical projects of Digital City Shanghai have been started in recent years and they are expected to support Shanghai Expo in 2010. These systems, including spatial data infrastructure, city information applications, Shanghai city grid, city logistics information platform, will significantly impact almost every aspect of Shanghai.
From our many years of experience, we found that many hard problems remain to be solved in building digital city Shanghai, one of the hardest is that current regulation system is too complicated and unfair for information industry development. It set obstacles for starting, running, and developing new and small information companies, which will play important roles in building digital city Shanghai. We believe that this situation will improve greatly since China joined the WTO in Dec. 2001.
